BEST AVAIUBLE COPY 

REMARKS / ARGUMENTS 

Applicants and their attorney thank the Examiner for his careful 
examination of the present application after entry of the previously filed 
Amendment (February 2004). It appears that the Examiner has withdrawn the 
rejection made in the first Office Action, of Claims 2-6, 9 and 10 under 35 U.S.C. 
§ 112, second paragraph, based on the claim amendments presented in the 
February 2004 Amendment. New rejections made by the Examiner in the final 
Office Action, to the amended specification and claims, are addressed below. 

Status of Claims 

Claims 1 and 7-16 remain pending in the present application. Claims 2-6 
were previously cancelled and remain cancelled. Claims 1 and 7-13 are 
currently under examination, while Claims 14-16 are withdrawn from further 
examination at this time, pending allowance of one or more generic claims. 

Independent Claim 1 has been amended by the foregoing amendments to 
more clearly recite the novel features of the present invention. More particularly, 
reference to types of polymerization reactions has been deleted from Claim 1 
and the features of original Claim 9 have been incorporated into Claim 1 . 

In addition. Claim 9 has been amended to recite a specific embodiment of 
its originally recited subject matter. Claim 10 has been amended by the 
foregoing amendments to correct a typographical error and clarify its 
dependency. 

Election 

As discussed on pages 2-3 of the final Office Action, the Examiner issued 
a telephonic restriction requirement on April 12, 2004, which required election of 
one of the following species for further prosecution at this time: 

a. (Claim 13) - wherein a plurality of soft polymer particles comprise 
the soft phase in said aqueous dispersion of polymer particles and a 
plurality of hard polymer particles comprise the hard phase; and 
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b. (Claims 14-16) - wherein the polymer particles comprise polymer 
particles with a soft phase core and a hard phase shell. 

Applicants and their attorney hereby confirm election of species "a" (Claim 
13) for further prosecution at this time. It is understood that Claims 14-16 are 
withdrawn from further consideration at this time. Applicants hereby reserve the 
right to file one or more divisional applications directed to the subject matter of 
withdrawn Claims 14-16. 

Additionally, while the Examiner has stated that Claim 12 of the present 
application is generic, Applicants believe that each of Claims 1 and 7-12 are 
generic to both species (a and b) identified by the Examiner. Thus, Claims 1 and 
7-13 are believed to be under examination at this time. Applicants further 
understand that if any generic claim is found to be allowable, Applicants will also 
be entitled to examination of the withdrawn claims (i.e., Claims 14-16). 

Objection to the Specification Under 35 U.S.C. 132 

On page 4 of the final Office Action, the Examiner has objected to the 
amended specification, under 35 U.S.C. § 132 because the Examiner believes 
that certain material added by the February 2004 Amendment was not supported 
by the specification as filed. 

More particularly, the Examiner has determined that the following 
amended language was unsupported by the original, as-filed specification, and 
is, therefore, new matter and not permissible: 

(Specification paragraph beginning at page 1 1 , line 27) 

In the process for making the polymeric additive compositions, the 
types of polymerizations that may used to form the polymeric additive 
compositions include conventional or "classical" emulsion (gradual 
addition/shot), miniemulsion> solution, and bulk, and anv of these types of 
polymerization may proceed through the reaction mechanisms of radical 
chain (addition) or step reaction (condensation). Typically, free-radical 
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emulsion polymerization is used as it readily forms polymer particles that 
can have a range of morphologies. 

In addition, the Examiner has determined that the additional text that was 
added to Example 5 of the specification are also new matter, and not pemnissible 
under 35 U.S.C. § 132, because the procedures described In the additional text 
are not found in the original specification. 

It is respectfully submitted that the neither of the aforesaid amendments to 
the specification constitute new matter because they each merely clarified that 
which was already known and understood by persons of ordinary skill in the art 
based upon the original language of that passage and the general knowledge in 
the art. 

There Is abundant caselaw on the issue of whether amendments to the 
specification or claims of a patent application introduce new matter prohibited by 
35 U.S.C. § 132, as well as the standards by which the issue of new matter is to 
be analyzed and judged. Compliance with the written description requirement is 
a question of fact which must be resolved on a case-by-case basis. Vas-Cath. 
Inc. V. Mahurkar . 935 F.2d at 1563, 19 USPQ2d at 1116 (Fed. Cir. 1991). "[T]he 
PTO has the initial burden of presenting evidence or reasons why persons skilled 
in the art would not recognize in the disclosure a description of the invention 
defined by the claims" In re Wertheim . 541 F.2d 257, 263. 191 USPQ 90, 97 
(CCPA1976). 

Fundamentally, "[t]he function of the description requirement is to ensure 
that the inventor had possession, as of the filing date of the application relied on, 
of the specific subject matter later claimed by him." In re Wertheim . 541 F.2d 
257, 262. 191 USPQ 90, 96 (CCPA 1976); see also. Moba. B.V. v. Diamond 
Automation. Inc. . 325 F.3d 1306. 1319, 66 USPQ2d 1429. 1438 (Fed. Cir. 2003); 
and Vas-Cath. Inc. v. Mahurkar . 935 F.2d 1555, 1563. 19 USPQ2d 1111, 1116 
(Fed. Cir. 1991). 

The court holdings make clear that information which is conventional or 
well-known to persons of ordinary skill in the art need not be described in detail in 
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the specification. See, e.g., Hvbritech. Inc. v. Monoclonal Antibodies. Inc. . 802 
F.2d 1367, 1379-80. 1384. 231 USPQ 81. 90. 94 (Fed. Cir. 1986); and Martin v. 
Johnson . 454 F.2d 746, 751, 172 USPQ 391, 395 (CCPA 1972) (the description 
need not be in ipsis verbis [i.e., "in the same words"] to be sufficient to satisfy the 
adequate description requirement). Furthermore, long-standing caselaw 
established that where amendments by the applicant simply amplified or restated 
descriptive matter so as to provide a more clear and complete explanation, then 
no new matter has been added. See, Westinahouse Electric & Mfg. Co. v. Radio 
Corp. of America . 24 F.Supp. 933 (D.C.Del. 1938). Thus, mere rephrasing of a 
passage does not constitute new matter and rewording a passage where the 
same meaning remains intact is permissible. In re Anderson . 471 F.2d 1237, 
176 USPQ 331 (CCPA 1973). 

The courts have also explained that an amendment is not new matter 
where it is merely elaboration, designed to explain and make more clear that 
which was already reasonably indicated by the original specification to be within 
the scope of the invention. Proctor & Gamble Mfg. Co. v. Refining. Inc. . 135 F.2d 
900, 904, 57 USPQ 505 (4*^ Cir. Va., 1943) (amendments to the specification 
which added 3 new paragraphs in which process steps and conditions of the 
inventive process were clarified were found not to constitute new matter because 
the court found that the steps and conditions had already been clear to persons 
of ordinary skill in the art based upon the original disclosure and the general 
knowledge in the art at the time). 

With respect to the statutory requirement that no amendments may 
introduce new matter into the disclosure of an invention, the fundamental inquiry 
is whether the material added by amendment was inherently contained in the 
original application; thus, to avoid the new matter prohibition, an applicant must 
show that its original application supports the amended matter. Scherina Corp. 
V. Amaen Inc. . 222 F.3d 1347. 55 USPQ2d 1650 (Fed. Cir. 2000). "To establish 
inherency, the extrinsic evidence 'must make clear that the missing descriptive 
matter is necessarily present in the thing described in the reference,' and that it 
would be so recognized by persons of ordinary skill. Inherency, however, may 
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not be established by probabilities or possibilities." In re Robertson . 169 F.3d 
743, 745, 49 USPQ2d 1949, 1950-51 (Fed. Cir. 1999) (citations omitted). 

It is respectfully submitted that the original specification was already 
sufficient to clearly disclose to persons of ordinary skill in the relevant art that 
nature of the invention and that that the inventors had possession, as of the filing 
date of the application relied on, of the specific subject matter later claimed by 
them. Moreover, the Examiner has not met his burden on raising the new matter 
objection because no evidence or reasons why persons skilled in the art would 
not recognize in the original disclosure a description of the invention defined by 
the amended specification and amended claims. It is further submitted that 
persons of ordinary skill already know and understand that the category of 
polymerization reactions include emulsion polymerization, solution polymerization 
and bulk polymerization. Furthermore, it is well known and understood by such 
persons that the category of emulsion polymerization reactions includes various 
types, including but not limited to, conventional or "classical" emulsion 
polymerization and miniemulsion polymerization. See, e.g., Gilbert, R.G., 
Emulsion Polymerization: A Mectianistic Approach, Academic Press, Chapter 1 , 
pages 12-14 (1995) (copy submitted herewith). 

It is further respectfully submitted that persons of ordinary skill in the art 
would have recognized that the process disclosed in the original specification 
was clearly conventional type emulsion polymerization because of the required 
use of a monomer transport aid (such as cyclodextrin, to transport the monomer 
from the monomer droplets to the aqueous phase where polymerization occurs) 
and the absence of a co-surfactant. This is in clear contrast to miniemulsion 
which does not require the use of a monomer transport aid (since polymerization 
primarily occurs within the monomer droplets and, therefore, the monomer does 
not need to be transported) and the required presence of a co-surfactant to 
maintain the integrity of the monomer droplets. See, e.g., Ishikawa et al. (U.S. 
Patent No. 6,190,767; corresponding to WO 97/07174) and Craun et al. (both 
describing miniemulsion systems without monomer transport aids, and requiring 
co-surfactants); see also, Sudol, E. and El-Aasser, M., Miniemulsion 
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Polymerization, John Wiley & Sons Ltd. Chapter 20, pages 701-704 (1997) (copy 
submitted herewith). It is noted that amended independent Claim 1, presented 
hereinabove, now clarifies and recites that the monomer droplets comprise, 
among other things, a monomer transport aid. 

In the foregoing circumstances, it is respectfully submitted that the 
February 2004 amendments to the specification which lists types of emulsion 
polymerization suitable for the present invention merely restates that which was 
already known and understood by persons of ordinary skill in the art based upon 
the disclosure of the original specification and the general knowledge of such 
persons. Thus, it is further submitted that the February 2004 amendments to the 
specification which lists types of emulsion polymerization did not introduce new 
matter into the present specification and Applicants respectfully request that the 
Examiner withdraw this objection. 

With respect to the additional language added by the February 2004 
amendments to Example 5 and the table provided in Example 5, it is respectfully 
submitted that persons of ordinary skill in the art would have recognized and 
understood the procedure to be used to test polymer product for the presence of 
gelled chains therein based upon their own general knowledge and the inclusion 
in the original specification of the information in the table of Example 5, 
particularly, the information provided in the column entitled "Notes" wherein the 
term "(5% in THF") is specified. Persons of ordinary skill in the art are well-aware 
of the standard test for the presence of gelled (crosslinked) chains in polymers 
wherein the polymer is dissolved in a suitable solvent, such as tetrahydrofurane 
(THF), toluene, or chloroform, and any undissolved solids that are observed 
constitute gelled (crosslinked) chains. Since this procedure effectively separates 
gelled chains from non-gelled (uncrosslinked) chains, it is known to be useful in 
the art for purification of gelled chain polymers, i.e., to remove and wash away 
any non-gelled chains that may be present in a crosslinked polymer product. 
See, e.g., Matsumoto, A., et al., Amphiphilic Polymethacrylates as Crosslinked 
Polymer Precursors Obtained by Free-Radical Monomethacrylate/Dimethacrylate 
Copolymerizations, Journal of Polymer Science: Part A: Polymer Chemistry. Vol. 



Page 10 of 16 



Patent Appln. No. 10/082,393 
Amendment filed September 16, 2004 

38, page 4397, John Wiley & Sons, inc. (2000) (demonstrating purification of 
polymer by dissolving non-gelled chains using THF, without any detailed 
discussion); Crompton, T.R., Analysis of Polymers: An Introduction, Chapter 7 
Fractionation and molecular weight, pages 222-223, Pergamon Press (1989) 
(demonstrating use of chloroform to separate polystyrene polymer into its gel and 
non-gelled fractions, without any further detailed explanation); and Collins, E.A., 
et al., Experiments in Polymer Science, Experiment 30: Swelling of Network 
Polymers, pages 481-483, A Wiley-lnterscience Publication (1973) (showing test 
for uncrosslinked polymer chains using toluene as a solvent, without any further 
explanation) (copies submitted herewith). 

It is submitted that the fact that the polymer testing procedures are 
presented in the foregoing references without any detailed explanation beyond 
identification of the suitable solvent to be used for the particular polymer involved 
is indicative of the level of general knowledge held by persons of ordinary skill in 
the art. Thus, it is further submitted that, in view of the disclosures of the 
foregoing references, identification of THF in the original specification, as the 
suitable solvent for testing the polymer produced by the process of the present 
invention, would have been sufficient to identify the appropriate procedure to 
teach persons of ordinary skill in art how for confirming successful practice of the 
process of the present invention. 

in the foregoing circumstances, it is respectfully submitted that the 
February 2004 amendments to the specification which added text to Example 5 
and to the table in Example 5 simply amplified and restated descriptive matter 
already present in the specification, so as to provide a more clear and complete 
explanation of that which was already known and understood by persons of 
ordinary skill in the art based upon the disclosure of the original specification and 
the general knowledge of such persons. Thus, it is further submitted that the 
February 2004 amendments to the specification which added text to Example 5 
did not introduce new matter into the present specification and Applicants 
respectfully request that the Examiner withdraw this objection. 
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Claim Rejections Under 35 U.S.C. S 112. second paragraph 

On page 4-5 of the final Office Action, the Examiner has rejected Claims 1 
and 7-13, under U.S.C. § 112, first paragraph, as being indefinite. This rejection 
is based on the Examiner's determination that the claim(s) contain subject matter 
(i.e., "conventional emulsion polymerization") not described in the specification in 
such a way as to reasonably convey to one skilled in the art that the inventors, at 
the time of filing, had possession of the claimed invention. Applicants 
respectfully traverse this rejection because, as explained hereinabove, persons 
of ordinary skill already understand based on the general knowledge in the art 
and the original disclosure, that emulsion polymerization includes conventional 
emulsion and miniemulsion polymerization, among other types, and also that the 
process described in the specification and examples constitutes conventional 
polymerization (from the use of a monomer transport aid and the absence of a 
co-surfactant). 

The Board of Patent Appeals and Interferences has acknowledged that 
"[ajpplicants frequently discover during the course of prosecution that only a part 
of what they invented and originally claimed is patentable." In re Johnson . 558 
F.2d 1008, 1018 (CCPA 1971). This, of course, necessitates that applicants 
make amendments to the claims during prosecution. The general rule is that a 
patentee may claim less than he may have the right to claim without showing 
criticality. See Ex Parte Dresser Ind. Inc. . 224 U.S.P.Q. (BNA) 841 (Bd. Pat. 
App. Interfer. 1983) (citing In re Johnson . 558 F.2d 1008. 1018 (CCPA 1971)). 

By the amendments submitted in the February 2004 Amendment, 
Applicants have simply amended independent Claim 1 to recite and cover less 
than all of what was originally covered and which was understood to be included 
by persons of ordinary skill in the art. In other words, persons of ordinary skill in 
the art already understood, based on the general knowledge In the art and the 
original specification, that emulsion polymerization includes, among other types, 
conventional emulsion polymerization and miniemulsion polymerization, and also 
that Applicants' invention comprises conventional emulsion polymerization, as 
distinguished from miniemulsion polymerization. Applicants now claim a subset 



Page 12 of 16 



Patent Appln. No. 10/082,393 
Amendment filed September 16, 2004 

(conventional emulsion) of the originally disclosed genus of emulsion 
polymerization reactions suitable for use with the process of the present 
invention, as permitted under US patent law. 

In the foregoing circumstances, withdrawal of the rejection of Claims 1 and 
7-13, under U.S.C. § 112, first paragraph, is hereby respectfully requested, 
because the term conventional emulsion polymerization is not indefinite and was 
supported by the disclosure provided by the original specification and examples. 

Claim Reiections Under 35 U.S.C. 102 and 103 

On page 5 of the Office Action, the Examiner has rejected Claims 1 and 8- 
13, under U.S.C. § 102(b), as being anticipated by Ishikawa et al. (U.S. Patent 
No. 6,190,767; corresponding to WO 97/07174) for the reasons cited in the 
previous action. Claims 1 and 8-13 have been rejected, under U.S.C. § 102(e), 
as being anticipated by Craun et al. (U.S. Patent No. 6,242,531), for reasons 
cited in the previous action. And finally, on page 6 of the final Office Action, the 
Examiner has maintained the rejection of Claim 7, under 35 U.S.C. § 103(a), as 
being obvious and unpatentable over Ishikawa et al. or Craun et al., for reasons 
cited in the previous action. Applicants respectfully traverse these rejections for 
the reasons which follow. 

The present invention, as recited in amended independent Claim 1, 
relates generally to a process for preparing an aqueous dispersion of polymeric 
particles comprising a polymeric composition having non-gelled polymer chains. 
More particularly, the inventive process involves the step of preparing an 
aqueous emulsion of hydrophobic monomer droplets and which comprise at least 
one Ca to C30 alkyi (meth)acrylate monomer, at least one chain branching 
monomer in an amount not greater than 0.10 weight percent based on the total 
weight of the Cs to C30 alkyI (meth)acrylate monomer, at least one monomer 
transport aid , and at least one emulsifier. The process of the present invention, 
as recited in amended independent Claim 1, also comprises the step of 
polymerizing , by at least one technique selected from the group consisting of 
conventional emulsion polvmerization. bulk polvmerization and solution 
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polymerization , the Cs to C30 alkyi (meth)acrylate monomer with the chain 
branching monomer(s) using at least one free radical initiator to form the 
aqueous dispersion of polymer particles comprising a polymeric composition 
having non-gelled polymer chains, wherein the polymeric composition has a 
weight average molecular weight of at least 100,000 g/mol. 

It is respectfully submitted that neither of the references cited by the 
Examiner (i.e., Ishikawa et al. and Craun et al.) either anticipate or make obvious 
the process of the present invention for the following reasons. 

Initially, neither Ishikawa et al. nor Craun et al. teach that the 
polymerization step may be performed by conventional emulsion polvmerization. 
bulk polymerization or solution polymerization , as recited in amended 
independent Claim 1 of the present application. Rather, both Ishikawa et al. and 
Craun et al. teach processes based upon miniemulsion polymerization 
techniques and both references take great care to distinguish the miniemulsion 
polymerization processes described therein from conventional or "classical" 
emulsion polymerization (see, generally, Ishikawa et al. at Columns 5-6; and 
Craun et al. at Columns. 2-4). Miniemulsion polymerization, on the other hand, is 
excluded from the present invention as recited in amended independent Claim 1. 
Applicants hereby incorporate and reiterate the explanations and arguments 
presented previously on this issue in the February 2004 Amendment. 

Furthermore, neither Ishikawa et al. nor Craun et al. teach that the 
aqueous emulsion of hydrophobic monomer droplets must comprise at least one 
monomer transport aid . As discussed hereinabove and in the prior February 
2004 Amendment, both Ishikawa et al. and Craun et al. clearly and specifically 
disclose miniemulsion processes in which monomer transport is not an issue 
and, therefore, no monomer transport aids are required in miniemulsion 
processes. In this regard, it is respectfully noted that Ishikawa et al. and Craun 
et al. each explain that in conventional emulsion polymerization, polymerization 
of the monomers occurs in the aqueous stage of the emulsion and/or in micelles 
formed by emulsifier (see Ishikawa et al. at Col. 1 , lines 48-59; and Craun et al. 
at Col. 2, lines 55-64). In miniemulsion polymerization processes, such as those 
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disclosed in these two references, polymerization of the monomers occurs in the 
monomer droplets because the monomer simply does not migrate into the 
aqueous phase or into micelles (see Ishikawa et al. at Col. 5, lines 52-54 and at 
Col. 6, lines 30-31; and Craun et al. at Col. 3, lines 9-10). 

Furthermore, the miniemulsion processes disclosed in both Ishikawa et al. 
and Craun et al. require the use of a co-surfactant, which is not required by the 
process of the present invention to operate successfully, as recited in amended 
independent Claim 1 . 

Based upon the foregoing distinctions, it is respectfully submitted that 
amended independent Claim 1, as well as dependent Claims 7-13, which depend 
directly or indirectly therefrom, are patentable over both Ishikawa et al. and 
Craun et al. Withdrawal of the claim rejections based upon 35 U.S.C. §§ 102 
and 103 is hereby requested. 

In view of the foregoing amendments and remarks, re-examination of 
allowance of amended independent Claim 1, as well as dependent Claims 7-13, 
are respectfully requested. 
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CONCLUSION 



A fee of $420 is believed to be due in connection with tlie submission of 
the Amendment portion of this paper, since it is being submitted within two 
months after the originally set due date for response to the Office Action. This 
$420 fee is addressed by the accompanying Petition for Extension, which 
authorizes this $420 to be charged to Deposit Account No. 18-1850. 

No additional fees are believed to be due in connection with the 
submission of this Amendment. If, however, any such fees, including petition 
and extension fees, are due in connection with the submission of this 
Amendment, the Commissioner is hereby authorized to charge such fees to 
Deposit Account No. 18-1850. In the meantime, please direct all future 
correspondence relating to the present application to the undersigned attorney. 



Date: September 16, 2004 




Attorney for Applicants 
Reg. No. 46,561 
Telephone (215) 592-3025 



Rohm and Haas Company 
100 Independence Mail West 
Philadelphia, Pa. 19106-2399 
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CHAPTER 1 



condition, an advantage of which is that production rates can be optimized by niaintaining 
tfie system in a state in which the rate of conversion of monomer into polymer is at a 
maximum (i.e., under conditions such tiiat tiie gel effect is at its peak; tfie gel effect is an 
acceleration in the rate of polymerization often seen at higher conversion, and is 
discussed in Chapter 4). In continuous processes, pre-prepared latex particles may need 
to be fed into the reactor so as to rq)lace other particles as tiiey are removed. 

A common technique in emulsion copolymerizations is starved-feed or continuous 
addition^ whereby tiie polymer is forced to have a fixed composition by feeding in tiie 
monomers in tiie required ratio, while ensuring tiiat tiie conditions are such ttiat monomer 
feed is the rate-determining stq? in particle growtii. 



1.2.4 Suspension, precipitation, dispersion, miniemulsion, microemulsion and 
inverse emulsion polymerizations 

A variety of different heterogeneous polymerization systems are in use, of which 
emulsion polymerization is tiie most common. These are summarized in Table 1.2, and 
are as follows. 



Tabic 1.2, The different ^s of heterogeneous polymerization systems. 



type 


typical 
particle 
radius 


droplet size 


initiator 


continuous 

phase 


discrete phase 
(particles) 


emulsion 


50-300 
nm 


» 1-10 |im 


wafer-soluUe 


water 


initiaUy absent, 
monomer-swollen 
polymer particles 
form 


precipitation 


50-300 
nm 


monomer 
usually water- 
soluble 


wat^-soluble 


water 


as in ordinary 
emulsion poly- 
merization, but 
monomer does not 
swell polymer 


vsuspension 


^ 1 ^m 


» 1-10 ^m. 


oil-soluble 


water 


monomer + formed 
polymer in pre- 
existing droplets 


dispersion 


^ 1 ^ 




oil-soluble 


organic 
(poor solvent 
forf(Hmed 
polymo') 


initially absent 
monomer-swollen 
Xx>lymer particles 
form 


microemulsion 


10-30 nm 


» lOnm 


water-soluUe 


water 


monomer, 
co-surfactant 4- 
formed polymer 


inverse emulsion 


10^-10^ 
nm 


« 1-10 Jim 


water- or oil- 
soluble 


oil 


monomer, water + 
f(xnied polymer 


miniemulsion 


30-100 
nm 


»30 nm 


water-soluble 


wat^ 


monomer, 
co-suifactant-i- 
formed polymer 



An emulsion polymerization starts witii water, monomer, surfacUnt and a water- 
soluble initiator, tfie monomer being present in large droplets and in the micelles. 
Polymerization results in tiie formation of a new particle phase, comprising monomer and 
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lintaining 
er is at a 
Feet is an 
1, and is 
nay need 

ntinuous 
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nonomer 



ion and 



)f which 
1.2, and 



idiase 
:les) 

sent, 
r-swoOen 
particles 

ly 

.poly. 
>n,but 
r does not 
ymer 

■fonned 

inpre- 

Iri^lets 

sent, 

r-swoUen 

particles 



tant-i- 
olymer 

water -f 
olymer 

tant-f 
olymer 



a water- 

nicelles. 
>inerand 



polymer, and stabaized by surfactant The locus of polymerization is the pew particle 
phase, not the emulsion droplets. 

A precipitation polymerization [14] is one in which monomer is soluble in the 
continuous phase (e.g. tiie water-based polymerization of acrylonitiile. which is 
completely soluble in water) and where tiie monomer does not sweU its polymer. Thus a 
latex forms (in the aciylonitrile system, this happens as polymer precipitates out of the 
water-monomer solution), but since polymer is not swollen by monomer, tiie locus of 
polymerization is in Uie particle-water interface. Precipitation polymerization systems can 
be understood in terms of models of emulsion polymerization. 

A suspension polymerization starts witii water, monomer, surfactant and an oil- 
soluble initiator (e.g. benzoyl peroxide or AIBN) rather tiian a water-soluble initiator. 
The mgredients are much the same as tiiose for an emulsion polymerization, but the locus 
of polymerization is in tiie large monomer droplets, which become tiie polymer phase. 
Since tiie formed polymer is usually insoluble in monomer, tiiis results in a granular 
product PVC is commonly manufactured by tills means. 

A dispersion polymerization [ij] starts widi monomer, an organic-phase initiator an 
orgamc solvent such as heptane in which tiie forming polymer is insoluble, and citiier a 
polymeric stabilizer or a substance (e.g. polyisobutylene-co-isoprene) tiiat will fom tius 
on reaction wifli polymer. The continuous' phase comprises solvents (such as woctane 
for MMA suspension polymerization) in which monomer is soluble but polymer is 
insoluble. Polymer forms in tiie continuous phase, and precipitates out into a new particle 
phase, stabiUzed by surfactant wherein polymerization continues: botii tiie continuous 
and tiie dispersed phases, are organic. A detailed mechanism for tiiis system, based on tiie 
same precepts as tfiose in emulsion polymerization, has been given by Paine [id] and tiie 
Lehigh group [17. m. Small particles are formed by aggregation of growing polymer 
chains precipitating from die continuous phase as tiiese chains exceed.^ critical chain 
lengtii. Coalescence of fliese precursor particles witii tiiemselves and witii tiieir 
aggregates results in tiie formation of coUoidally stable (matiirc) particles, which occurs 
when sufficient stabilize- covws die particle surfaces. 

A microemulsion starts witii water, monomer, surfactant and (usually) a co-monomer 
(e.g. hexanol), to which a water-soluble initiator is added. A stable microemulsion is 
produced (comprising extremely smaU droplets, larger tiian miceUes but much smaller 
tiian ordinary monomer droplets; tiiis microemulsion is usuaUy transparent). A water- 
soluble initiator is added, and polymer fomis inside the microemulsion droplets: tiie poly- 
merization locus is tiie pre-existing droplets. The mechanisms in microemulsion poly- 
menzation have been discussed by a number of autfiors [19-241. The resulting particles are 
veiy small and typicaUy contain only a few polymer chains, as distinct from particles 
formed in an emulsion polymerization, which contain a large number of chains. 

An inverse emulsion [25] polymerization starts witii an organic continuous phase, 
surfactaiit water- or oil-soluble initiator, and a water-soluble monomer such as 
aciylamide. The droplets comprise water arid monomer, and tiie polymerization locus is 
usually tiie pre-edsting droplets. 

A miniemulsion polymerization is intermediate between 6 microemulsion and an 
ordinary emulsion polymerization. Ingredients comprise monomcr(s), water, surfactant 
and a co-surfactant s uch as 1-hexadecanol (cetyl alcohol), dodecanol or hexadecane. Tlie 
co^su rfactant is chosen so tiiat the emulsion droplets which form prior to tiie 
commencement oLpoly mcrization are very small but not ti iermody namically stable 
Mechanisms and typical data have been given by a numbeFof'authors [26-3^ " 
conditions are chosen carefuUy, aU particle formation occurs by entry of a radical into a 
pre-existing nuniemulsion droplet which is tiien tiie locus of polymerization . A 
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miniemulsion polyme^?(zation can offer some technical advantage over a conventional 
emulsion polymerizaJ^n under special circumstances. Fbr exanple, if the polymerization 
involves a very water-insoluble ingredient which will therefore transport very slowly 
through the aqueous phase in a conventional emulsion polymerization, this ingredient can 
be put directly in the miniemulsion droplets which are the locus of polymerization in a 
^ miniemulsion polymerization. Again, under some circumstances, the latex in a 
>c^^^^ miniemulsion polymerization can have a different viscosity and different colloidal stability 
0^ ^!^tr\ from that formed with the same monomers in a conventional emulsion polymerization 
> ly^^ (e.g. 131]). 

1.3 Advantages and disadvantages of emulsion poiymerization 

•J 

Emulsion polymerizations are in wide commercial use because of their many advantages; 
however, the process is not without its drawbacks. 



1.3.1 Advantages 

Some of the reasons for the wide industrial application of emulsion polymerization as a 
means of producing polymer are as follows. 

• The heat generated by the (highly) exothermic firee-radical polymerization process can 
be both readily absorbed (water has a high heat capacity) and dissipated by the 
aqueous phase, if necessary using reflux condensation. This means that less stringent 
precautions are required to prevent overfieating of reactors. 

• The rate of polymerization is usually considerably greats than in an equivalent bulk 
process, thereby allowing faster throughput for a given capital expenditure. 

• In the absence of modifier, the polymer that is formed usually has a considerably 
higher average molecular weight than that from an equivalent bulk process; as well, it 
has a different molecular weight distribution. 

• The polymer is fomfied as a latex rather than as the solid or as the viscous solution that 
would result from the bulk and solution polymerization processes respectively. It can 
thus be handled much more easily: e.g. a hi^ solids (40-65% by weight) latex can be 
easily pumped. Formed polymer can be readily obtained by evaporating the water (as 
occurs when an ordinary latex paint dries on a wall). 

• Because the molecular weight is very high in the absence of chain-transfer agents, 
molecular weight is easily controlled by the addition of chain-transfer agents — this 
gives additional control of the properties (e.g. mechanical strength) of the formed 
polymer and of the latex (e.g. minimum film-forming temperature). 

• The process itself, and the resulting polymer latex, is water- rather than solvent-based, 
which reduces both safety and environmental hazards. 

• An emulsion pol>;merizadon can easily be carried through to relatively high conversion 
of monomer into polymer, hence any problems with residual monomer are minimized, 
and monomer consumption is maximized [52]. 
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1.3.2 Disadvantages 

Emulsion polymerization has certain attendant disadvantages, especially the following. 

• The system generally contains a large number of additives and these may impair the 
quality of the final product. For example, it is usually difficult (or expensive) to 
remove the initiator decomposition products and the surfactant Hence these are 
usually present in the polymer product and may therefore be responsible for 
undesirable product attributes such as unwanted color on molding. 

• It may be necessary to separate the polymer firom the water, e.g. by coagulation and 
dewatering, for further processing, which will cause production expenses to be 
increased. 

• Because tfie polymerization process is heterogeneous and involves a minimum of two 
phases, mechanisms are extremely complex, and thus hard to understand and hence to 
control. Indeed, this undw^tanding is the principal objective of the present text 



1.4 A guided tour 



The reader of this book will probably have visited a new location and wanted to look 
around. Often, a Guided Tour is the best way to start. The dedicated tourist wants to 
explore and experience the sights and culture without a guide, but a guided tour gives the 
overview that facilitates subsequent individual exploration. That is the objective of this 
chapto^ to describe the mechaiiisms and outcome of a particular miulsion polymerization, 
at a molecular level. This mechanistic description will be given without any experimental 
or theoretical justification, because its objective is to aid comprehension rather than to 
provide rigor. The remaining chapters provide all the rigor that the purist could desire. 

The system for our tour comprises styrene as 
monomer, water, persulfate as initiator, and surfactant 
(at a concentration above the cmc). Shear is applied 
(i.e., the system is stirred), and the monomer and 
surfactant form an emulsion, where the droplets are 
polydisperse and of order microns in size (see sketch 
Jl^"*" on left; the represents a surfactant molecule). 




1.4.1 Particle formation 

The persulfate (entirely located in the aqueous phase) now starts to decompose: 
S2082-->2S04- 

Styrene is very slightly soluble in the aqueous phase, the solubility being 4x10-3 mol 
dm-3 at 50"C The sulfate radicals propagate with the rare monomer units (here denoted 
M) that they encounter in the aqueous phase to produce oligomeric radicals that are 
relatively soluble in water 

S04"* + M •MSO4"" ; •MSO4" + M -> •M2SO4- 
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ABSTRACT: As an extension of our work on the elucidation of the mechanism and 
control of 3-dimensional network formation in the free-radical crosslinking polymer- 
ization and copolymerization of multivinyl compounds with the aim to molecularly 
design vinyl-type network pol3Tiiers, novel amphiphilic polymers were prepared as 
crosslinked polymer precursors. Thus, benzyl methacrylate, a nonpolar monomer, was 
copoljmierized radically with 5 mol % of triicosaethylene glycol dimethacrylate 
[CH2==C(CH3)C0(0CH2CH2)230C0C(CH3)=CH2], a polar monomer, in the presence 
of lauryl mercaptan as a chain transfer agent. The resulting prepolymers (i.e., vinyl- 
type network-polymer precursors or amphiphilic polymers) were diaracterized mainly 
by viscometry using f-butylbenzene (t-BB) and a i-BB/MeOH (80/20) mixture as sol- 
vents. The viscosities in the ^BB/MeOH (80/20) mixture were quite high compared with 
those in f-BB, and completely reversed concentration dependencies were observed in 
the solvents. These are discussed by considering the difference in conformation and the 
shrinkage of polar, flexible polyoxyethylene imits or the entanglement of nonpolar, rigid 
primary chains. © 2000 John Wiley & Sons, Inc. J Polym Sd A: Polym Chem 38: 4396-4402, 2000 
Keywords: amphiphiUc polymer; crosslinked polymer precursor; benzyl methacry- 
late; polyethylene glycol dimethacrylate; crosslinking 



INTRODUCTION 

We have been concerned with the mechanistic 
discussion of 3-dimensional network formation in 
the free-radical polymerization and copolymeriza- 
tion of multivinyl compounds.^ In particular, our 
attention has been focused on the clarification of 
the reasons for the greatly delayed gelation from 
Flory-Stockmayer (FS) gelation theory.^ The pri- 
mary factor is the significance of the thermody- 
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namic excluded volume effect on the intermolec- 
ular crosslinking reaction between the growing 
polymer radical and prepolymer at an early stage 
of polymerization. Beyond the theoretical gel 
point, a secondary factor is related to the intramo- 
lecular crosslinking that becomes progressively 
important with the progress of the polymeriza- 
tion. The latter leads to the restriction of segmen- 
tal motion of the prepol3aner and, moreover, im- 
poses steric hindrance, inducing the significance 
of the reduced reactivity of prepolymer as a ter- 
tiary factor. On the basis of the above mechanistic 
discussion, we have successfully pursued poly- 
merization conditions in which the actual gel 
point is close to the theoretical one by removing 
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the significance of the thermodynamic excluded 
volume effect and intramolecular crosslinking as 
the respective primary and secondary factors for 
the greatly delayed gelation from FS theory.^"® 

In our preceding article'^ we discussed the 
crosslinking copolymerizations of benzyl methacry- 
late (BzMA) with triicosaethylene glycol dimethac- 
rylate [CH2=C(CH3)CO(OCH2CH2)230COC(CH3) 
=CH2, PEGDMA-23] because BzMA forms rather 
rigid, nonpolar primary chains and PEGDMA-23 
as crosslinker contains flexible, polar polyoxyeth- 
ylene imits. Thus, the resulting prepolymers (i.e., 
precursors of the ideal crosslinked polymers) gov- 
erned by FS theory would probably provide novel 
amphiphilic polymers. Therefore, BzMA/PEG- 
DMA-23 copoljmaerizations were conducted under 
the specified conditions in which the occurrence of 
a thermod3aiamic excluded volume effect and in- 
tramolecular crosslinking as the primary and sec- 
ondary factors, respectively, for the greatly de- 
layed gelation in the firee-radical monovinyl-divi- 
nyl copolymerizations would be reduced. First, 
the good applicability of FS theory is verified by 
the comparison of the actual gel point with the 
theoretical one. Second, the tailed molecular- 
weight distribution curves are observed with con- 
version as a result of the exclusive occurrence of 
an intermolecular crosslinking reaction leading to 
the ideal network formation governed by FS the- 
ory. Third, the applicability of FS theory is sup- 
ported by both the correlations of the molecular 
weight versus the elution volume and the root 
mean square radius of gyration versus the molec- 
ular weight, although the molecular size shrink- 
age of the resulting prepol3rmers consisting of 
rather rigid poly(BzMA) chains and flexible 
polyoxyethylene crosslinkages would be enhanced 
with conversion as a result of increased crosslink- 
ing. 

In the present article we extended the above 
discussion to the preparation and characteriza- 
tion of novel amphiphilic polymers as vinyl-tj^e 
network-pol3mier precursors because the preced- 
ing article mainly referred to the mechanistic dis- 
cussion for the copolymerizations containing a 
small amount (0.03-0.1 mol %) of PEGDMA-23 as 
a crosslinker. Although a wide variety of am- 
phiphilic poljoners were prepared because of their 
potential importance in applications such as 
paints, inks, coatings, adhesives, oil recovery, 
flocculants, drugs, and personal care goods, as 
well as because of their biological relevance, they 
are different from the crosslinked polymer pre- 
cursors of our present interest. 



EXPERIMENTAL 

The BzMA as a monomer, 2,2'-azobisisobutyroni- 
trile (AIBN) as an initiator, and 1,4-dioxane as a 
solvent were purified by conventional methods. 
The PEGDMA-23, (monomer, Kyoeisha Chemical 
Co., Ltd.) and lauryl mercaptan (LM, chain trans- 
fer agent, extrapure reagent commercially avail- 
able) were used without further purification. 

Polymerization was carried out in a glass am- 
pule containing the required amounts of mono- 
mers, AIBN, 1,4-dioxane, and LM. The ampule 
was degased 3 times by the usual freezing and 
thawing technique under a vacuum, fiushed with 
nitrogen, and then sealed off. It was then placed 
in a thermostat regulated at 50 ± 0.1 **C. After a 
predetermined reaction time, the copolymer was 
precipitated by pouring the reaction mixture into 
a large excess of chilled methanol containing a 
small amount of hydroquinone as an inhibitor. 
The purification of the pol3aner was done by re- 
precipitation from a tetrahydrofuran (THF) pre- 
cipitant system. The gel fraction of the polymer at 
conversions beyond the gel point was separated 
by extracting the sol fraction with THF. 

The weight-average molecular weight (My,) of 
the resulting poljmiers were measured by size- 
exclusion chromatography (SEC) using a dual de- 
tector system set in the direction of flow, which 
consisted of a multiangle laser light scattering 
(MALLS) device and a differential refractometer 
in sequence. The SEC-MALLS measurements 
were carried out at 40 °C in THF using a three- 
column Shodex GPC KF-806L and a two-column 
KF-807 at polymer concentrations of 0.1-0.5% 
(w/v) and a flow rate of 1 mL/min. The MALLS 
device was a DAWN model F (Wyatt Technology 
Corp.); the laser beam had a wavelength of 632.8 
nm and was focused on a 67-/iL flow cell. The 
intrinsic viscosity [t|] was determined with an 
Ubbelohde viscometer at 30 ®C. 



RESULTS AND DISCUSSION 

Monovinyl/Divinyl Crosslinking Copolymerization 

Figure 1 shows the reaction scheme for the net- 
work formation processes in a free-radical 
monovinyl-divinyl copolymerization, which essen- 
tially involves four reactions of a growing polymer 
radical: intermolecular propagation with two 
types of monomer; intramolecular cyclization 
leading to the formation of ring or loop structures; 
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1) Intermolecular propagation with monomer: 

2) Intramolecular cyclization: 

1^- — -xiS 

3) Intermolecular crosslinking with prepolymer: 




4) Intramolecular crosslinking: 




(Microgel) 



Figure 1. A reaction scheme for the network forma- 
tion processes in the free-radical monovinyl-divinyl co- 
polymerization. 

intermolecular crosslinking with the prepolymer 
to form an effective crosslink, eventually leading 
to the gel; and intramolecular crosslinking lead- 
ing to the formation of multiple crosslinks, the 
locally extensive occurrence of which would in- 
duce microgelation. Thus, the network structure 
of the resulting crosslinked polymer could be de- 
signed by controlling the elementary reactions 
shown in Figure 1: the intermolecular crosslink- 
ing is the key reaction for the control of gelation 
as the formation of a 3-dimensional network of 
indefinitely large size, whereas the key reaction 
for the control of the network structure is the 
intramolecular crosslinking that leads to the for- 
mation of multiple crosslinks generating the net- 
work structure of the crosslinked polymer. As ex- 
treme cases, we depict two t3^ical structures of 
crosslinked polymers in Figure 2 as an ideal net- 
work poljoner governed by FS theory and a mi- 
crogel greatly deviated from the theory, although 
the structures of the actual crosslinked polymers 
would be between the two extreme cases. Fur- 



thermore, they should change from a rather ho- 
mogeneous network structure biased toward the 
ideal network polymer to an inhomogeneous one 
biased toward the microgel according to the poly- 
merization conditions. In addition, the distribu- 
tion of inhomogeneity of the network structure 
would be important for the characterization of the 
resulting network polymers. 

In the preceding article^ as an extension of our 
previous works,^"^ the copolymerization of BzMA 
was carried out with a rather small amoimt 
(0.03-0.1 mol %) of PEGDMA-23 as the cross- 
linker at a high monomer concentration because, 
under these conditions, the polymer concentra- 
tion at the theoretical gel-point conversion be- 
comes high and the content of pendant vinyl 
groups in the prepoljmier is quite small. As a 
consequence, the thermod5mamic excluded vol- 
ume effect and intramolecular crosslinking would 
be suppressed. In addition, a small amount of LM 
as a chain transfer agent was added to keep the 




B 

Figure 2. Two extreme structures of crosslinked 
polymers as (A) an ideal network polymer and (B) a 
microgel. 
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0 12 3 4 
Time (h) 



Figure 3. Conversion-time curves for .the solution 
copolymerization of BzMA with 5 mol % of PEG- 
DMA-23 in 1,4-dioxane at a dilution of 2/3 using 0.04 
moI/L of AIBN at 50 °C in the presence of different 
amounts of LM; [LM]/[total monomer] = (O) 1/200, (A) 
1/50, and (□) 1/20. (O, A, □) The total and ■) gel 
polymers. 



primary chain length constant during polymer- 
ization. The commonly observed Trommsdorff ef- 
fect or gel effect,®*^ which enlarges the primary 
chain length with conversion, is suppressed by 
the addition of a chain transfer agent. 

In the present work, a rather large amount of 
PEGDMA*23 as a crosslinker was used because 
the balance of the weight percentages of nonpolar 
and polar components is important for the discus- 
sion of the amphiphilicity of the resulting prepoly- 
mers. Consequently, intramolecular crosslinking 
may occur, although the resulting gels are still 
rather homogeneous as is discussed later. 

Deviation from FS Theory 

Figure 3 shows the conversion-time curves for 
the solution copolymerizations of BzMA with 5 
mol % (corresponding to 27.5 wt %) of PEG- 
DMA-23 in 1,4-dioxane at a dilution of 2/3 using 
0.04 mol/L of AIBN at 50 °C in the presence of 
different amounts of LM ([LM]/[total monomer] 
= 1/200, 1/50, and 1/20). The percentage of gel 
polymer obtained by the sol- gel separation is also 
plotted against time in Figure 3. The actual gel 
point was determined by extrapolating the gel 
formation curve to 0%. Thus, the conversions at 
which the gel started to form (i.e., the gel points) 
were estimated to be 12.4, 26.5, and 49.1% at 
LM/total monomer concentration ratios of 1/200, 
1/50, and 1/20, respectively. The gel point became 
higher with increasing the added amount of LM 
as a reflection of reduced primary chain length. In 



addition, no gel effect was observed, although the 
polymerization was accompanied by gelation. 

Figure 4 shows the dependence of the on 
conversion; the primary chain length iPu,,o) was 
calculated from the M^ q value determined by the 
extrapolation of each curve to zero conversion. 
The P^^ Q value thus obtained was then employed 
to calculate the theoretical gel point according to 
Stockmayer's equation:^ 

ae=(l/p)(PM*-l)"S 

where p is the fraction of all double bonds residing 
on the divinyl units in the initial system. 

Table I summarizes the results obtained as a 
comparison of actual gel points with theoretical 
ones for the copoljonerizations of BzMA with 5 
mol % of PEGDlVIA-23 in the presence of different 
amounts of LM. The actual gel point was quite 
delayed from the theoretical one for each poly- 
merization system and the deviation (i.e., the ra- 
tio of the actual gel point to the theoretical one) 
became smaller from 6.2 to 4.6 with a decrease in 
the primary chain length, which was in line with 
our previous results. 

Here it should be recalled that in the BzMA/ 
PEGDMA-23 copoljonerization'^ the formation of 
a rather rigid, nonpolar growing chain by the 
incorporation of BzMA xmits into the polymer 
backbone might reduce the occurrence of intermo- 
lecular crosslinking reactions with unreacted 
methacrylic double bonds present at the terminal 
of polar polyoxyethylene chain. Thus, in spite of 
the delayed gelation from FS theory as shown in 
Table I, we may expect the formation of a rather 
homogeneous A-type network structure compared 
with an inhomogeneous B-type one (see Fig. 2). 




10^- 

0 10 20 30 

Conversion (%) 

Figure 4. The dependence of the on the conver- 
sion (see Fig. 3). 
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Table L Comparison of Actual and Theoretical Gel Points in Copolymerization of 
BzMA with 5 mol % PEGDMA-23 



Gel Point (%) Actual Gel Point** 

[LM]/[Total _ 

Monomer] P^.o*" Theor^ Actual Theor Gel Point*" 



1/200 617 1.7 12.4(9.9)** 5.8 

1/50 238 4.0 26.5(21.1)** 5.3 

1/20 125 8.5 49.1(39.0)'* 4.6 



The copolymerization was conducted in dioxane at a dilution of 2/3 with [AIBN] - 0.04 
mol/L and at 50 ''C. 

Estimated by SEC-MALLS. 
Theoretical gel point: = (l/p)(P„,o - D"^- 
^ Obtained on a monomer basis. 
Obtained as the vinyl group conversion calculated by assuming equal reactivity of BzMA and 
PEGDMA-23 vinyl groups. 



We tried to check the swelling ratios of the result- 
ing gels obtained just beyond the gel point, be- 
cause the gel should not swell well if it is the 
agglomerate of B-type microgels formed through 
the locally extensive occurrence of intramolecular 
crosslinldng. 

High Swelling Ratio of Gel Obtained Just beyond 
Gel Point 

Figure 5 shows the variation of the swelling ratios 
of resulting gels with the progress of polymeriza- 
tion beyond the gel point for the solution copoly- 
merizations of BzMA with 5 mol % of PEG- 
DMA-23 in 1,4-dioxane at a dilution of 2/3 at 
50 **C in the presence of different amounts of LM 




0 10 20 30 

Corrected conversion (%) 



Figure 5. The decrease in the swelling ratio of the 
resulting gel in THF with the progress of polymeriza- 
tion beyond the gel point {see Fig. 3; [LM]/[total mono- 
merl = (O) 17200 and (□) 1/20) and the results for (O) 
St/m-DVB (99,83/0.17) copolymerization. The conver- 
sion in the abscissa is corrected such that the corre- 
sponding gel point is 0% of conversion. 



([LM]/[total monomer] = 1/200 and 1/20), along 
with the results for styrene/m-divinylbenzene (St/ 
m-DVB, 99.83/0.17) copolymerization. Here it 
should be recalled that the ratio of the actual gel 
point to the theoretical one is 1.3 for St/m-DVB 
(99.83/0.17) copolymerization.^ Although the 
swelling ratios were reduced as gelation pro- 
gressed, the swelling ratios of the gels obtained 
just beyond the gel points were extrapolated to be 
quite high, even for BzMA/PEGDMA-23 (95/5) co- 
polymerizations, although their values were 
smaller than in St//n-DVB (99.83/0.17) copoly- 
merization as an ideal network formation system. 
This may demonstrate a rather homogeneous A- 
type network structure formation in the BzMA/ 
PEGDMA-23 (95/5) copolymerizations. 

We attempted to check the amphiphilicity of 
the resulting gels by measuring their swelling 
ratios in the mixed solvents consisting of nonpor 
lar ^-butylbenzene (t-BB) and polar methanol 
(MeOH). Figure 6 shows the correlations of the 
swelling ratios of the resulting gels with the 
MeOH (vol %) in the mixed solvents for the 
BzMA/PEGDMA-23 (95/5) solution copolymeriza- 
tions in the presence of different amounts of LM 
([LM]/[total monomer] = 1/200 and 1/20). The gels 
shrank at both terminals (i.e., in pure t-BB and 
MeOH) whereas they swelled maximally at about 
20 vol % of MeOH. These profiles of the solvent 
component dependencies of the swelling ratios 
are characteristic of amphiphilic gels. The swell- 
ing ratios of the gels obtained in the BzMA/PEG- 
DMA-23 (99/1) copolymerization, in which the 
content of the polar component was low, are plot- 
ted in Figure 6 for a comparison. The swelling 
profile was completely different as a reflection of 
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25 50 75 
Methanol vol% 

Figure 6. The correlations of the swelling ratio of the 
resulting gel with the MeOH (vol %) in the mixed 
solvents consisting of nonpolar ^-BB and polar MeOH 
{see Fig. 3; [LM]/[total monomer] = (O) 1/200 and (□) 
1/201 and the results for the (- - -) BzMA/PEGDMA-23 
(99/1) copolymerization. 

the characteristic nature of the nonpolar BzMA/ 
PEGDMA-23 (99/1) gel (i.e., the highest swelling 
ratio was observed in pure ^-BB), not like am- 
phiphilic BzMA/PEGDMA-23 (95/5) gels. On the 
basis of the results thus obtained, we roughly 
depict the conformation of network segments of 
amphiphilic BzMA/PEGDMA-23 (95/5) gel in 
^BB, the i-BB/MeOH (80/20) mixture, and MeOH 
as shown in Figure 7. The flexible, polar polyoxy- 
ethylene units consisting of 23 oxyethylene units 
shrink in ^-BB whereas the rather rigid, nonpolar 
primary chains mainly consisting of BzMA units 
shrink in MeOH. In the ^-BB/MeOH (80/20) mix- 
ture the polar polyoxyethylene units and nonpo- 
lar primary chains would both be in a random 
conformation. 

Viscometry Characterization of Resulting 
Amphiphilic Prepolymers 

The BzMA/PEGDMA-23 (95/5) prepolymers ob- 
tained just before the gel-point conversions were 





In f-BB 



in ^BB / MeOH(80/20} mixture 



In MeOH 



Figure 7. A rough conformational sketch of the net- 
work segments of amphiphilic BzMA/PEGDMA-23 
(95/5) gel in ^BB, a f-BB/MeOH (80/20) mixture, and 
MeOH. 




0 0.2 0.4 0.6 
C (g/dL) 

Figure 8. The dependence of the reduced viscosity on 
the concentration in (O) ^-BB and (A) a i-BB/MeOH 
(80/20) mixture for BzMA/PEGDMA-23 (95/5) prepoly- 
mer obtained at [LM]/[total monomer] = 1/20. 



then subjected to a viscosity measurement to 
characterize the amphiphilicity of the resulting 
prepoljmers or crosslinked pol3niier precursors. 
Figure 8 shows the dependence of the reduced 
viscosity on concentration for the BzMA/PE(j- 
DMA-23 (95/5) prepolymer obtained at LM/total 
monomer concentration ratios of 1/20. Here the 
^-BB and i-BB/MeOH (80/20) mixture were em- 
ployed as two t3rpical solvents. The viscosities in 
the i-BB/MeOH (80/20) mixture were quite high 
compared to those in ^-BB, and completely re- 
versed concentration dependencies were observed 
between both solvents. It is noteworthy here that 
a crosslinked polymer precursor is essentially a 
highly branched poljmier with loop structures in- 
troduced through a intramolecular cyclization 
and crosslinking reactions, especially when the 
primary chain length is short. In addition, its 
molecular-weight distribution is broad and the 
polymer of higher molecular weight would con- 
tribute more significantly to the bulk viscosity of 
the crosslinked poljnner precursor. Thus, the 
former result would be ascribed to the difference 
in conformation (see Fig. 7) and the latter to the 
shrinkage of polar, flexible polyoxyethylene units 
or to the entanglement of nonpolar, rigid primary 
chains in ^-BB or «-BB/MeOH (80/20), respec- 
tively. 



CONCLUSION 

The free-radical crosslinking copolymerization of 
BzMA with PEGDMA-23 in the presence of LM as 
a chain transfer agent was investigated in detail 
because BzMA forms rather rigid, nonpolar pri- 
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mary chains and PEGDMA-23 as a crosslinker 
contains a flexible, polar polyoxyethylene unit; 
therefore, the resulting prepolymers (i.e., precur- 
sors of crosslinked polymers) would be novel am- 
phiphilic poljnmers. Thus, BzMA was copolymer- 
ized with 5 mol % of PEGDMA-23 in the presence 
of different amounts of LM. The swelling ratios of 
the gels obtained just beyond the gel points were 
extrapolated to be quite high; this may demon- 
strate a rather homogeneous A-type network 
structure formation in the BzMA/PEGDMA-23 
(95/5) copolymerizations. The amphiphilicity of 
the resulting gels was checked by measuring their 
swelling ratios in the mixed solvents consisting of 
nonpolar ^-BB and polar MeOH; the solvent com- 
ponent dependencies of the swelling ratios are 
characteristic of amphiphilic gels. 

The BzMA/PEGDMA-23 (95/5) prepolymers ob- 
tained just before the gel-point conversions were 
then subjected to a viscosity measurement using 
t-BB and a f-BB/MeOH (80/20) mixture as sol- 
vents in order to characterize the amphiphilicity 
of the resulting prepolymers as crosslinked poly- 
mer precursors. The viscosities in ^-BB/MeOH 
(80/20) mixture were quite high compared to 
those in i-BB, and completely reversed concentra- 



tion dependencies were observed with the sol- 
vents. These were discussed by considering the 
difference in conformation and the shrinkage of 
polar, flexible polyoxyethylene units or the entan- 
glement of nonpolar, rigid primary chains. 
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EXPERIMENT 30. SWELLING OF NETWORK POLYMERS 



A. Introduction 

This experiment is designed to determine the number of effective 
network chains (crosslinks) per miit volume of polymer. Two useful 
pieces of information are obtained: The resistance of the polymer to 
the solvent , and the crosslink densit y of the polymer. The time for 
"this experiment will vary depending upon the crosslinking level. It 
can be carried out in two hours total time but may require an elapsed 
time of 2k hoxirs. 



B. Prinaiple 

Swelling is the first step in the solubilization of a polymer. 
The degree of swelling depends upon the polymer-solvent interaction 
parameter Xi and the molecular weight of the polymer. In the case' of 
a crosslinked polymer, solubilization cannot take place, and an equi- 
librium degree of swelling is attained. The swelling experiment can 
be run gravimetric ally or volumetrically; for this experiment, the 
gravimetric technique is employed. Knowledge of the value for the 
polymer-solvent interaction parameter Xi allows the crosslink density 
per unit volume of polymer or the molecvilar weight between crosslinks 
to be calcTilated. Pinner (1961) describes a similar experiment, his 
Exp. C.3»3. 



C. Apptiodbility 

This technique is applicable to most crosslinked polymers provided 
a suitable swelling solvent can be found. The method works best for 
low crosslink densities, since the fewer the crosslinks, the greater 
the swelling. 



D* Preai&ion and Acauraay 

The precision of this technique can be such eis to detect small 
amounts of swelling (0.25^) with a reproducibility of 1%. Accuracy 
has little meaning in this experiment. See steps M-1 to M-3. 



E. Safety Considerations 

CARE MUST ALWAYS BE TAKEN TO USE ORGANIC SOLVENTS IN WELL-VENTILATED 
AREAS AWAY PROM SOURCES OF FLAME OR SPARKS. AVOID BREATHING FUMES OR 
EXCESSIVE CONTACT OF SOLVENT WITH SKIN. SAFETY GLASSES MUST BE WORN AT 
ALL TIMES IN THE LABORATORY. 
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F. ApparaUia 

1. Analytical balance. 

2. Stoppered flasks, wide mouth, any convenient size. 

3. Filter paper. 



G. Reagents and Materials 

tut^^;,,.?''^^^'^?'^^.^''^^^''' prepared in Exp. 8. or suitable substi- 
tute such as vulcanized rubber. 

> 2. Toluene, reagent grade. 

H. Preparation 

J. Prooedia^ 

r.«+^w specimens weighing approximately 2 g each, accu- 

rately weigh each specimen, and place it in a stoppered flaSk contain- 
ing enough toluene to cover the specimen. contain 

2. Periodically remove the specimen, blot it dry with filter 
paper and rapidly weigh it. {Note: Work rapidly^ avoid loss of 
solvent by deswelling and evaporation, causing the sample weight to 

£ ?oUow the calculations 

Fundcmental Equations 

^8 = «^o/P2 + - 2^o)/Pl (10-37) 

° = Wp2 (10-39) 

^a: = - V:lp^{o^/2 _ 0/2) / [in(l-c) + c + Xi^^] . (f^om 10-38) 



K. Calaulationa 



in« i^infL^^fS ^^^^^ calculate the equilibrium volume after swell- 

^ f^' ^ ^^I' equilibrium concentration of polymer in the 
c^ossSnfs T"^ f -^^^ r "^^^^^ molecular weight between 
xTSiet^fcg?S"f9S^).'°-''* ^^^'^ '^l = polystyrene 
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L. Report 

1. Describe the experiment in your own words. 

2. Report the data in tabular form. 

3. Explain the cause of variability in the results. 
1+. Answer the following questions: 

a. What effect does solubility of the polymer have on the 

result? 

b. How can the interaction parameter, Xi > determined (see 
Chap. 7A)? 



M, Corments 

1. The presence of any \mcrosslinked material in the polymer 
network, which may dissolve and change the concentration, can be a 
source of error. A sample of the solution should be tested for dis- 
solved polymer. 

2. It should be recognized that inherent in the analysis are the 
experimental and theoretical difficulties encountered with the Flory- 
Huggins thermodynamic theory, upon which the development of Eq.. 10-38 

is based. 

3. A variation of this experiment is to determine the cohesive 
energy density, as described by Bristow (1958a, b) . 



General References 

Chap. lOE; Textbook^ Chap. 2A; Flory 1953; Treloar 1958; Ellis 
1963a, b\ Miller 1966, Chap. 7; Smith I968. 
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EXPERIMENT 31. PERMEABILITY OF POLYMERS TO GASES 



A. Introduction 

In this experiment, the rate of permeability of carbon dioxide 
through a polymer film is determined at different pressxires. This 
experiment can be carried out in 3 hours. 



B. Principle 

The rate of gas permeation through a film is measxired by deter- 
mining the volume of gas permeating through the film under a pressure 
differential. A high gas pressure is applied on one side of the mem- 
brane under study, and the permeated gas is allowed to expand on the 
opposite side against atmospheric pressure. The volume of the per- 
meating gas is measured as a function of time by following the dis- 
placement of a short colimm of merc\iry in a glass capillary. A 
standard method for this experiment is described in ASTM D 1^3^. 



C. Applicability 

This method is applicable to most polymers which can be obtained 
as suitable films. 



D. Precision and Accuracy 

The precision of this experiment varies with the permeability, 
since it depends on a vol\ime measurement. In practice, it is found 
that for high permeabilities, a precision of ±3% can be attained, 
while for low permeabilities the precision is closer to ±155^* Abso- 
lute accuracy has no meaning in this experiment. 
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